Most bulk elastic media are weakly anisotropic. -The equations governing weak anisotropy are much simpler than those governing strong anisotropy, and they are much easier to grasp intuitively. These equations indicate that a certain anisotropic parameter (denoted 6) controls most anisotropic phenomena of importance in exploration geophysics. some of which are nonnegligible even when the anisotropy is weak. The critical parameter 6 is an awkward combination of elastic parameters, a combination which is totally independent of horizontal velocity and which may be either positive or negative in natural contexts.
INTRODUCTION
In most applications of elasticity theory to problems in petroleum geophysics, the elastic medium is assumed to be isotropic. On the other hand, most crustal rocks are found experimentally to be anisotropic. Further, it is known that if a layered sequence of different media (isotropic or not) is probed with an elastic wave of wavelength much longer than the typical layer thickness (i.e., the normal seismic exploration context). the wave propagates as though it were in a homogeneous, but anisotropic, medium (Backus, 1962) . Hence, there is a fundamental inconsistency between practice on the one hand and reality on the other.
Two major reasons for the continued existence of this inconsistency come readily to mind:
(1) The most commonly occurring type of anisotropy (transverse isotropy) masquerades as isotropy in nearvertical reflection profiling, with the angular dependence disguised in the uncertainty of the depth to each reflector (cf., Krey and Helbig, 1956 ).
(2) The mathematical equations for anisotropic wave propagation are algebraically daunting, even for this simple case.
The purpose of this paper is to point out that in most cases of interest to geophysicists the anisotropy is weak (l&20 percent). allowing the equations to simplify considerably. In fact, the equations become so simple that certain basic conclusions are immediately obvious :
(I) The most common measure of anisotropy (contrasting vertical and horizontal velocities) is not very relevant to problems of near-vertical P-wave propagation.
(2) The most critical measure of anisotropy (denoted 6) does not involve the horizontal velocity at all in its definition and is often undetermined by experimental programs intended to measure anisotropy of rock samples.
(3) A common approximation used to simplify the anisotropic wave-velocity equations (elliptical anisotropy) is usually inappropriate and misleading for Pand SV-waves.
(4) Use of Poisson' s ratio, as determined from vertical P and S velocities, to estimate horizontal stress usually leads to significant error.
These conclusions apply irrespective of the physical cause of the anisotropy. Specifically, anisotropy in sedimentary rock sequences may be caused by preferred orientation of anisotropic mineral grains (such as in a massive shale formation), preferred orientation of the shapes of isotropic minerals (such as flat-lying platelets), preferred orientation of cracks (such as parallel cracks, or vertical cracks with no preferred azimuth), or thin bedding of isotropic or anisotropic layers. The conclusions stated here may be applied to rocks with any or all of these physical attributes, with the sole restriction that the resulting anisotropy is "weak" (this condition is given precise meaning below).
To establish these conclusions, some elementary facts about anisotropy are reviewed in the next section. This is followed by a presentation of the simplified angular dependence of wave velocities appropriate for weak anisotropy. In the fo]-lowing section. the anisotropic parameters thus identified are used to analyze several common problems in petroleum geophysics. Finally, further discussion and conclusions are presented.
REVIEW OF ELASTIC ANISOTROPY A linearly elastic material is defined as one in which each component of stress oij is linearly dependent upon every component of strain &Irl (Nye, 1957) so that the 3 x 3 x 3 x 3 tensor Cipp may be represented by the 6 x 6 matrix C,,. Each symmetry class has its own pattern of nonzero, independent components C,,. For example, for isotropic media the matrix assumes the simple form where the three-direction (2) is taken as the unique axis. It is significant that the generalization from isotropy to anisotropy introduces three new elastic moduli, rather than just one or two. (If the physical cause of the anisotropy is known, e.g., thin layering of certain isotropic media, these five moduli may not be independent after all. However, since the physical cause is rarely determined, the general treatment is followed here.) A comparison of the isotropic matrix, equation ( 
The elastic modulus matrix C,, in equation (5) may be used to reconstruct the tensor Cljkl using equation (2), so that the constitutivc relation in equation (1) The simplest anisotropic case of broad geophysical applicability has one distinct direction (usually, but not always, vertical), while the other two directions are equivalent to each other. This case-called transverse isotropy, or hexagonal symmetry -is the only one considered explicitly here (although the present approach is useful for any symmetry). Hence, subsequent use of the term "anisotropy" refers only to this particular case. The elastic modulus matrix has five independent components among twelve nonzero components, giving the elastic modulus matrix the form It is useful to recast equations (7aH7d) (involving five elastic moduli) using notation involving only two elastic moduli (or equivalently, vertical P-and S-wave velocities) plus three measures of anisotropy. These three "anisotropies" should be appropriate combinations of elastic moduli which (1) simplify equations (7) Table I presents data on anisotropy for a number of sedimentary rocks. The original data consist (in the laboratory cases) of ultrasonic velocity measurements or (in the field cases) of seismic-band velocity measurements. These data were interpreted by the original investigators in terms of the five elastic moduli of transverse isotropy. In Table 1 , these moduli are recast in terms of the vertical velocities IX,,, and PO, and the three anisotropies E, 15*, and y defined above. Also, a fourth measure of anisotropy (6, defined below as a more useful alternative to 6*) is shown. As seen in the table, these quantities provide an immediate estimate of the three types of anisotropy that are unavailable by simple inspection of the moduli themselves. Table I confirms that most of these rocks have anisotropy in the weak-to-moderate range (i.e., ~0.2). as expected. The table also shows data for some common crystalline minerals (which in some cases are strongly anisotropic) and for some layered composites.
The listing of measurements of sedimentary rock anisotropy in Table I from the literature is nearly exhaustive. However, perhaps twice as many partial studies of anisotropy (measuring vertical and horizontal P and S velocities) have appeared. It is clear that the requisite five parameters may not be obtained from four measurements (at least one measurement at an oblique angle, preferably 45 degrees, is required). As is shown below, this omitted datum is the most important one for most applications in petroleum geophysics. Hence, these partial studies are omitted from Table 1 .
In addition to intrinsic anisotropy, one must consider extrinsic anisotropy, for example, due to fine layering of isotropic beds. Many examples could be listed, but it is not clear how to pick representative examples. This table has been limited to the particular examples defined by Levin (1979) (these choices are discussed further below).
With Table I 
The parameter 6* is not required further. From Table 1 , note that all three anisotropies E, 6, and y are usually of the same order of magnitude. Because of this, it is clear from equation (16a) that at small angles 0 where sin' cos' is not nearly as small as sin4, the second term (in F) is not nearly as small as the last term (in E). It is in this regime (small 0) where most reflection profiling takes place. Hence this 6 term will dominate most anisotropic effects in this context, unless E $ 6 in some particular case.
The trigonometric factor cos' 0 in the second term of equation (16a) rather than (1 -sin' 0) appears by design. This factor ensures that the angular dependence of t?,(e), at nearhorizontal propagation, is clearly dominated by E (since cos n,' 2 = O), just as the near-vertical propagation is dominated by 6. In fact. at horizontal incidence,
U,(K/2) = Cl,(l + E). (184
Since a0 is the vertical P velocity, it is now abundantly clear Thomsen At this point, where the linearization procedure has identitied F as the crucial anisotropic parameter for near-vertical f-wave propagation, it is appropriate to discuss a special case of transvcrsc isotropy which has received much attention: elliptical anisotropy. An elliptically anisotropic medium is characterized by elliptical P wavefronts emanating from a point source. It is defined (cf.. Daley and Hron, 1979) by the condition 6=c elliptical anisotropy.
Notable for its algebraic simplicity. this special case, is, of course. detincd by a mathetnatical restriction of the parameters which has no physical justification. Accordingly, one may cxpcct the occurrence of such a cast in nature to be vanishingly r;lrc_ Ins fact,~ Table 1~ shows !hat 6 and_ c are not even well-correlated (being frequently of opposite sign), so that the assumption of their equality may lead to serious error. This point is rcinforccd by Figure 4 , which plots 6 versus c for the rocks of Table I is. in fact, the fractional difference between vertical and horizontal P velocities. i.e., it is the parameter usually referred to as "the" anisotropy of a rock. [Without the factor of 2 in equation @a), E would not correspond to this common usage of the term "anisotropy."] However, the parameter 6 which controls the near-vertical anisotropy is a different combination of elastic moduli, which does not include C,, (i.e., the horizontal velocity) at all. Since the E term is negligible for near-vertical propagation. most of one' s intuitive understanding of E is irrelevant to such problems. For example, it is normally true that horizontal P velocity is greater than vertical P velocity, i.e., E > 0 (Table 1) Table 1 should be viewed with appropriate caution.
SOME APPLICATIONS OF WEAK ANISOTROPY

Group velocity
For the quasi-P-wave, the derivative in equation (14) Table 1 . 
Comparison of equations (27a) and (18a) shows that, for Pwaves, the moveout velocity is equal to neither the vertical velocity u,, nor the horizontal velocity a,(1 + E (1983) . In the present version, the departure of VNMo/u, from unity is clearly related to the same anisotropic parameter 6 which appears so prominently in other applications.
Horizontal stress
One way to estimate the horizontal stress in the sedimentary crust of the Earth is to describe an element of rock at depth as a linearly elastic medium in uniaxial strain (Hubert and Willis, 1957). Despite the obvious shortcomings of this approximation (e.g., the difference between static and dynamic moduli, Lin, 1983, it remains widely used as a means to estimate horizontal stress for hydrofracture control, etc.
The analysis is normally done in terms of isotropic media; it is instructive to consider the same problem in anisotropic media. Here, "anisotropy" still is taken to mean "transverse isotropy with symmetry axis vertical," even though this sort of analysis is usually done in a context of preferred horizontal stress direction, resulting in an oriented hydrofracture. This may often be justified, since the resulting azimuthal anisotropy is usually of the order of 1-2 percent, whereas the conventional anisotropy is frequently 10-20 percent.
The vertical stress crj3 and the horizontal stress ol, are, from equation ( The vertical stress is due to gravity:
where y is the acceleration due to gravity and z is the depth. In the isotropic case, the ratio of elastic moduli [equation ( 
Comparison with the last formulation of equation (30) shows that the anisotropic correction is given simply by the anisotropy parameter 6. In a typical case. P,/a, z 0.5, so that the first term in equation (32) is also ~0.5. 
DISCUSSION
The casual term "the anisotropy" of a rock usually means the quantity E, calculated using equation (18b). It is often implied that, if E and the vertical velocity a, are known, the velocity at oblique angles is calculable simply by using some trigonometric relations. Of course, this assumption is not true; the P velocity at oblique angles requires knowledge of a third physical parameter, in addition to the trigonometric functions. Equation (16a) shows that, for weakly anisotropic media, the relevant third parameter is the anisotropic parameter 6. The equation further shows that, for near-vertical P-wave propagation, the 6 contribution completely dominates the E contribution. Because of this, 6 (rather than E) controls the anisotropic features of most situations in exploration geophysics, including the relationships among ray angles, wavefront angles. and polarization angles and the moveout velocity for P-waves, and the horizontal stress-overburden ratio.
With today' s computers. there is little excuse for using the linearized equations (16) for computational purposes, even when the anisotropy is so small that their numerical accuracy is high. All programs should be written using the exact equations (IO) or (7 Levin, 1979 .) A second point that deserves further emphasis is that "weak" anisotropy (defined as E, 6, y CC l), by definition, leads Thomsen to second-order corrections whenever the anisotropy is compared to unity, as in equations (16). However, the anisotropy sometimes occurs in a context where it is comparable, not to unity, but to another small number [e.g., equation (32)]. In this case, the anisotropy makes a first-order contribution, rather than a second-order correction (even though it is defined as weak), and should therefore not be neglected. Other common contexts of interest in exploration geophysics where the anisotropy appears in this way as a first-order effect will be the subject of future contributions.
